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Abstract
Background: Primary Spine Care (PSC) is an innovative model for the primary management of patients with spinerelated disorders (SRDs), with a focus on the use of non-pharmacological therapies which now constitute the recommended first-line approach to back pain. PSC clinicians serve as the initial or early point of contact for spine patients
and utilize evidence-based spine care pathways to improve outcomes and reduce escalation of care (EoC; e.g., spinal
injections, diagnostic imaging, hospitalizations, referrals to a specialist). The present study examined 6-month outcomes to evaluate the efficiency of care for patients who received PSC as compared to conventional primary care. We
hypothesized that patients seen by a PSC clinician would have lower rates of EoC compared to patients who received
usual care by a primary care (PC) clinician.
Methods: This was a retrospective observational study. We evaluated 6-month outcomes for two groups seen and
treated for an SRD between February 01, 2017 and January 31, 2020. Patient groups were comprised of N = 1363
PSC patients (Group A) and N = 1329 PC patients (Group B). We conducted Pearson chi-square and logistic regression (adjusting for patient characteristics that were unbalanced between the two groups) to determine associations
between the two groups and 6-month outcomes.
Results: Within six months of an initial visit for an SRD, a statistically significantly smaller proportion of PSC patients
utilized healthcare resources for spine care as compared to the PC patients. When adjusting for patient characteristics,
those who received care from the PSC clinician were less likely within 6 months of an initial visit to be hospitalized
(OR = .47, 95% CI .23–.97), fill a prescription for an opioid analgesic (OR = .43; 95% CI .29–.65), receive a spinal injection (OR = .56, 95% CI .33–.95), or have a visit with a specialist (OR = .48, 95% CI .35–.67) as compared to those who
received usual primary care.
Conclusions: Patients who received PSC in an academic primary care clinic experienced significantly less escalation of their spine care within 6 months of their initial visit. The PSC model may offer a more efficient approach to the
primary care of spine problems for patients with SRDs, as compared to usual primary care.
Keywords: Primary care, Primary spine care, Spine-related disorders, Low back pain, Spine pain escalation of care,
Academic primary care clinic, Chiropractic, Efficiency
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Background
The management of spine-related disorders (SRDs),
including back pain, is the largest contributing factor to
increased outpatient healthcare utilization and expenditures [1]. Spending for low back and neck pain has
become accountable for the highest costs in US health
care, with an estimated spending of $134.5 billion [2],
and increased expenditures for spine care interventions
have not correlated with improved outcomes [3]. Moreover, there is insufficient evidence to justify the use of
many invasive and expensive spine care procedures [4,
5]. The medical management of back pain can be also
be hazardous, as back pain is the most common condition for which opioids are prescribed [6]. Therefore, it is
critical to implement guideline-concordant clinical pathways that improve outcomes, improve the efficiency of
care, and reduce escalation of care (EoC)—the unnecessary use of healthcare resources—for the management of
patients with SRDs.
Most patients with back pain in the U.S. are initially
seen by a primary care clinician. Because many of the
non-pharmacological treatment approaches recommended in clinical practice guidelines [7] such as spinal
manipulation, acupuncture, and massage therapy are not
taught in allopathic medical schools, it is often a challenge for primary care physicians (PCP) to operationalize these guidelines within their clinical settings. One
promising solution is to embed within the primary care
environment a dedicated spine care clinician who has the
requisite knowledge and skills needed to manage patients
with SRDs and provide guidance through the maze of
spine treatment options [8]. This approach, known as Primary Spine Care (PSC) is an innovative model of for the
management of SRDs. PSC is defined as management,
case coordination, and follow-up of spine patients within
a conventional clinical care setting, under the direction
of a dedicated PSC clinician [8–10]. The PSC clinician
practices without need of referral as a primary contact
clinician (ideally, a portal of entry clinician)who provides
non-pharmacological care and coordinates the primary
spine care of patients with spine problems from presentation through discharge. Thus, the PSC clinician can serve
as the initial or early point of contact for spine patients,
and as an alternative to the usual primary care pathway,
which often requires referral for non-pharmacological
care and is therefore less efficient from the start [11].
Objective

Evidence-based non-pharmacological management of
SRDs has been reported to be associated with less healthcare utilization and lower costs as compared to usual
medical care [12–14]. Recently, implementation of PSC
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in a conventional primary care setting was associated
with a trend toward lower expenditures for spine care
[15], leading the authors to hypothesize that implementation of PSC may result in less escalation of care (e.g.,
spinal injections, hospitalizations, diagnostic imaging,
referrals to a specialist), and thus improve efficiency. Efficiency in healthcare can be defined as a comparison of
delivery system outputs such as doctor visits and health
outcomes with inputs such as cost, time, and resources
[16]. The objective of the present study was to compare
PSC versus usual care with regard to the efficiency of
spine care in an academic primary care setting.

Methods
Overall approach

Following up on a previous report of initial outcomes
[15], the aim of this study was to evaluate outcomes for
PSC vs. conventional primary care (PC) after three years
following implementation of the PSC model. Employing a retrospective observational design, we analyzed
electronic health records for patients seen for a primary
diagnosis of a spine-related disorder at an academic primary care facility. For all patients, we measured 6-month
outcomes, with a focus on encounters indicative of the
escalation of spine care. We hypothesized that among
patients with SRDs, patients who received PSC care
would showcase lower rates of EoC, including hospitalizations, ED visits, spinal injections, visits to a specialist,
and prescription fills for opioid analgesics as compared to
those who received PC.
Primary spine care (PSC): implementation and barriers

PSC services were provided by a Doctor of Chiropractic
with a MS degree in sport science and rehabilitation and
5 years of experience in clinical practice. He completed
a residency in chiropractic at a Veterans Health Administration hospital, followed by a university-based clinical
fellowship in PSC, and certification in PSC by the University of Pittsburgh. The PSC clinician was embedded
within the flagship primary care facility of an academic
medical center practicing within a multi-clinician setting. The embedding of the PSC clinician was met with
approval by the primary care clinicians and support staff.
Patients presenting with LBP were predominantly seen
by a primary care clinician and received standard care for
LBP with most patients additionally being referred by the
primary care clinician to the PSC clinician. Embedding
the PSC clinician in the primary care team facilitated
real-time, two-way communication in managing LBP as
the PSC clinician could easily share findings, diagnosis,
and treatment plan with the referring clinician, in addition to internal communication via the electronic medical record [17].
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Additionally, implementing the PSC model within this
setting did include several barriers. The first barrier was
explicit bias, which is the belief that providers other than
medical physicians are ill-suited or untrained to assume
such a role in primary care. A second barrier was structural bias—limited insurance reimbursement for nonmedical providers. The last barrier was implicit bias,
which was associated with physician and administrator
lack of familiarity with the PSC clinician’s training, expertise, and competencies [17].
However, these barriers were successfully addressed.
For example, explicit bias was successfully addressed by
communicating the evidence supporting the suitability
of non-physicians in treating pain from spine disorders.
Structural bias was overcome because the availability of
the PSC clinician effectively reduced “leakage” of patients
to external providers, and the institution realized cost
savings in the care of the self-insured employee population. Implicit bias was pre-emptively tackled through
one-on-one education of physicians and administrators
using evidence-based literature [17].
PSC clinicians are experts in the diagnosis of SRDs,
and in a range of conservative non-pharmacological
therapies that constitute first-line, guideline-concordant treatment options for spinal pain. The PSC clinician
uses evidence-based spine care pathways for clinical
decision support that typically include stratification and
management according to patient symptoms, developing a working diagnosis, and addressing biopsychosocial
factors [11]. The guidelines and pathway utilized by the
DC included the Clinical Reasoning in Spine Pain® (the
CRISP® protocols) [18, 19] systematic approach. In this
pathway, practitioners can maximize benefits to patients
and practice—these protocols were developed based on
the vast literature on the mechanisms, etiology, diagnosis
and management of patients with spine related disorders
(SRDs) [18, 19]. The approach provides a framework for
the practitioner to apply existing evidence, knowledge
and techniques to establish a diagnosis and management
strategy for each patient [8].
Participants and group assembly

This study employed a retrospective cohort design, which
allows for a longitudinal evaluation of 180-day outcomes
after each subject’s first clinical encounter (index date).
Study subjects included all adult patients 18 years and
older who presented with a new primary diagnosis of
a spine-related disorder (SRD). A listing of codes pertaining to SRDs utilized for this study is provided in the
Additional file 1: Table S2. Patients with a visit to the
same clinician for primary diagnosis of an SRD within
the time period of 1–30 days prior to the index date were
excluded, and those with any visit for a primary diagnosis
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of SRD within the time period of 31–120 days prior to
the index date were also excluded. The purpose of these
exclusionary periods was to capture subjects with a new
rather than ongoing complaint of SRD, but allow for
referrals to the PSC clinician. Additionally, the following
exposure variables were utilized in extracting the data:
primary diagnosis, age of patient at index, sex of patient,
patient race, marital status, education level, and patient
employment status.
Thus, as a result of the inclusion/exclusion criteria outlined in the data extraction code (using the criteria outlined above), all patients who fit the study parameters and
criteria were included in the analyses. In this process of
data extraction, two groups were assembled for analysis:
Group A—all patients seen by the PSC clinician on or following the index date of 02/01/2017; and Group B (comparison group) a sample of patients seen by a primary
care clinician at the same facility for a new primary diagnosis of an SRD on or following 02/01/2017 and not seen
by the PSC clinician. Thus, Group A received primary
spine care, and Group B received conventional primary
care. One DC provided the primary spine care, while 79
primary care clinicians provided primary care within this
academic medical center. In this context, conventional
primary care typically consisted of self-care advice, prescription for medication and/or referral to another clinician, most often a physical therapist. Usual primary care
was provided by Family Medicine or Internal Medicine
physicians, physician assistants, or nurse practitioners.
Study design

We collected data recorded in patient electronic health
records. Data collection spanned a 12-month period preceding introduction of the PSC model on 02/01/17, and
the 42-month period following that date (Fig. 1). Patient
demographic data from the 1-year period preceding
the date of introduction of the PSC model (02/01/2017)
included calculated Charlson Comorbidity Index scores.
We measured clinical outcomes for up to 180 days following the index date. All aspects of the current study
were approved by our Institution’s Review Board (IRB).
Statistical analysis

We conducted descriptive statistics on demographic
data (e.g., frequencies for age categories, gender, race/
ethnicity, marital status, employment status, Charlson comorbidity score, and primary diagnosis). Additionally, we conducted both descriptive statistics and
Pearson chi-square analyses (using Fisher’s Exact test
for cells counts < 5) to examine rates and percentages for outcomes between the two groups. The outcomes examined were the frequency of escalated care
encounters associated with a primary diagnosis of SRD,
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Fig. 1 Data capture and cohort assembly

including emergency department (ED) visits, diagnostic imaging, spinal injections, hospitalizations, surgeries, and referrals to a specialist, as well as prescription
fills for opioid analgesics. We also conducted t-tests to
assess for mean differences in patient age and Charlson
Comorbidity score between the two groups. Response
options for Marital Status and Employment Status were
combined to create fewer categories for ease of analysis. Moreover, we calculated the Number Needed to
Treat (NNT) based on the rates of outcomes in each
group/cohort for each outcome presented in the study
[20, 21].
Additionally, to account for selection bias, we conducted a series of regression models to evaluate outcomes while adjusting for patient characteristics (i.e.,
covariates). We initially conducted inverse probability
of treatment models (i.e., inverse weighted propensity
score models) to account for bias; however, we could
not achieve an optimal balance in the covariates on the
exposure variable (i.e., between the two groups). Thus
for the present analyses, we present regression models
adjusted for the following covariates that were significantly different between the two groups (see Table 1):
age, gender, employment status, Charlson score, and
primary diagnosis at index. Specifically, we conducted
binary logistic Generalized Linear Regression Models
(GLM) to model each clinical outcome while controlling for patient characteristics. Prior data simulation
studies have indicated that regression models adjusting for covariates can adequately detect treatment
effects [22]. All outcomes were dichotomous (coded as
‘yes/no’ within 6 months of initial visit, if the outcome
was present) for analyses and odds ratios (OR) are
reported in the results. All descriptive and regression
analyses were conducted using IBM SPSS (Version 23).

Additionally, this manuscript was prepared in accordance to STROBE guidelines for cohort studies [23].

Results
Descriptive statistics

Data from 2692 patients were included in the present
analysis—and the following two groups of patients were
assembled and examined: Group A (1363 PSC patients)
and Group B (1329 PC patients). Table 1 displays patient
characteristics for both patient groups. The two patient
groups were comparable in marital status and race/
ethnicity (where over 90% of the two samples identified as White/Caucasian). However there were differences between the two patient groups: mean age was
significantly higher for patients in Group B (PC patients)
(p < 0.001) compared to Group A (PSC patients). Additionally, the frequency of females was significantly higher
in Group A compared to Group B (p = 0.002), and mean
Charlson score was significantly higher in Group B
(p < 0.001) (Table 1).
Outcomes

The frequency of patients who filled a prescription for
opioid pain medication 6 months after an initial visit
was significantly higher in Group B χ2 = 93.9, p < 0.001
(Fischer’s Exact) compared to Group A (PSC patients)
(Fig. 2).
Additionally, within six months of an initial visit for an
SRD, a significantly smaller proportion of PSC patients
utilized healthcare resources compared to PC patients
(Group B). Specifically, a smaller percentage of PSC
patients filled prescriptions for opioid analgesics (3.7%
vs. 14.4%, p < 0.001), had hospitalizations (1.5% vs. 4%,
p < 0.001), had surgeries (0.7% vs. 1.7%, p = 0.03), had
referrals to a specialist (e.g., the facility’s spine center)
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Table 1 Patient characteristics for groups A (PSC patients) and B (PC patients) (N = 2692)
Characteristics

Group A (PSC Patients)
n = 1363

Group B (PC Patients)
n = 1329

48

54.5*

64%*

58%

95%

96%

Age (mean)
Age in years at index (initial visit)
Sex (%)
Female
Race/ethnicity (%)
White/Caucasian
Marital status (%) (n = 2687)
Cohabiting

57.5%

58.3%

Not cohabiting

15.1%

15.1%

66.7%

54.1%

Employment status (%)
Employed (FT, PT, self-employed)
Retired

16.2%

26.9%

Unemployed

10.5%

12.0%

Other (student, unknown)

6.6%

6.9%

Primary diagnosis (pain source) at index date—
pain source (%)
Radicular

7.7%

17.8%

Disc

18.3%

2.6%

Facet or segmental dysfunction

55.8%

4.5%

Myofascial

3.2%

12.6%

Non-specific back pain

14.2%

56.7%

Other

0.9%

5.8%

Charlson Comorbidity Score (mean)

0.63

0.95*

Chi-square/t-test

p-value

t =  − 10.45

p < .001

10.06

p = .002

4.07

p = .91

0.199

p = .655

55.15

p < .001

1263.12

p < .001

t =  − 5.46

p < .001

Frequencies presented for most common categories. Categories for marital status and employment status were collapsed for ease of analysis. p-values are from
Pearson chi-square analyses or t-tests. Mean Charlson score and age based on a t-test. Race/Ethnicity reports Fisher’s Exact probability. Mean age was significantly
higher for patients in Group B (PC patient) (p < .001). Frequency of females was significantly higher in Group A (p = .002), and mean Charlson score was significantly
higher in Group B (p < .001)

16.0%

14.4%

14.0%
12.0%
10.0%
8.0%
6.0%
4.0%

Rx Fills
3.7%

2.0%
0.0%

Group A (PSC Patients)

Group B (Primary Care Patients)

Fig. 2 Percentage of patients who filled a prescription for opioid analgesic within six months of initial visit. Note: Percent of patients who filled a
prescription (Rx) was significantly higher in Group B χ2 = 93.9, p < .001 (Fischer’s exact). This graph presents the frequency of patients (based on a
dichotomized yes/no variable) who filled a prescription within 6 months of Index

(4.4% vs. 9.3%, p < 0.001), had spinal diagnostic imaging
(7.7% vs. 14.1%, p < 0.001), and had spinal injections (3.4%
vs. 5.9%, p = 0.002) (Fig. 3; Additional file 1: Table S1).
Moreover, the NNT for the various outcomes ranged
between 16 (for diagnostic imaging) and approximately

160 (for ED visits). These results indicate that on average
16 individuals would need to receive treatment from a
PSC in order for one additional patient not to experience
the outcome of Diagnostic Imaging, for example (see
Additional file 1: Table S1).
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Dx Imaging
Spinal Injections
ED visits
Surgeries
Hospitalizations

5.9%

3.4%
1.7%
1.1%
0.7%

1.7%

1.5%

4.0%

Referrals to a specialist
0.0%

14.1%

7.7%

9.3%

4.4%
2.0%

4.0%

6.0%

8.0%

Group B (Primary Care Patients)

10.0%

12.0%

14.0%

16.0%

Group A (PSC Patients)

Fig. 3 Frequency of Escalated Spine Care Encounters in the PSC and PC Groups (N = 2692). Note: Percentages are frequencies of patients in each
group that utilized the various healthcare resources; Differences in the frequencies between the groups was determined using Pearson chi-square
test statistics. All comparisons were significant at p < .05 except for Emergency Department (ED) visits. Dx = Diagnostic imaging

However, PSC patients had significantly higher rates of
visits to the primary care clinic compared to PC patients.
PSC patients had an average of 8.6 visits compared to
an average of 4.5 visits for PC patients (this difference in
means was significant t = 15.92; df = 2550 p < 0.001). For
total general visits, PSC patients had an average of 3.8
compared to 2.2 for PC patients, which was a significant
difference t = 17.79; df = 2370; p < 0.001.
When controlling for patient characteristics (age, gender, employment status, primary diagnosis, and Charlson
comorbidity score), PSC patients were less likely to experience escalation of spine care compared to PC patients.
Specifically, PSC patients were 53% less likely to be hospitalized OR = 0.47, 95% CI 0.23–0.97), 57% less likely to
fill a prescription for an opioid analgesic OR = 0.43; 95%
CI 0.29–0.65), 44% less likely to obtain spinal injections
(OR = 0.56, 95% CI 0.33–0.95), and 52% less likely to have
a visit with a specialist OR = 0.48, 95% CI 0.35–0.67)
compared to PC patients (Table 2).

Discussion
In this study, we evaluated an alternative approach (PSC
model) to spine care, and report outcomes associated
with implementation of the model within an academic
primary care clinic. This is the first paper to compare
6-month outcomes for PSC within a conventional, academic primary care setting. The results demonstrated
that within six months of an initial visit for an SRD, a significantly smaller proportion of PSC patients had escalation of spine care as compared to PC patients. Exceptions
included ED visits and surgeries, where we did not find

Table 2 Likelihood of escalation of care for patients who
received primary spine care versus usual primary care
Outcome
Hospitalizations (n = 73)

OR

95% CI OR

.47

.23–.97

Surgeries (n = 32)

.51

.19–1.36

Emergency department (ED) visits (n = 38)

.91

.37–2.22

Pain prescription fills (n = 243)

.43

.29–.65

Diagnostic imaging of the spine (n = 292)

.87

.63–1.21

Spinal injections (n = 124)

Specialist visits (n = 184)

.56

.33–.95

.48

.35–.67

p-value
p = .04

p = .18
p = .83

p < .001
p = .41

p = .03

p < .001

Group B (PC Patients) served as the referent (comparison) group. All outcomes
coded as binary (0/1, “no/yes”) for binary logistic GLM models (controlling for
covariates: age, gender, employment status, primary diagnosis, and Charlson
score; although depending on the clinical outcome, not all covariates were
significant in the various models). OR = odds ratio from the regression model
(equivalent to the exp(b) statistic). P-values are from the Wald test reported for
the exposure variable (group/cohort)

a significant difference between the two groups (based
on Pearson chi-square analyses and/or the GLM regression models)—most likely because the outcomes were so
rare. As compared to PC patients and with controlling
for patient characteristics, PSC patients were less likely
within 6 months of an initial visit to be hospitalized for
spinal pain, fill a prescription for an opioid analgesic,
receive a spinal injection, or visit a specialist for a complaint of SRD.
The present study’s findings are consistent with and
expand upon a previous report, which demonstrated
that implementation of the PSC model within a conventional, academic primary care setting was associated
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with a trend toward reduced total expenditures for spine
care, and lower odds of diagnostic imaging of the spine,
as compared with usual primary care [15]. Similarly,
in a study of older Medicare beneficiaries who initiated
long-term care for chronic low back pain, the rate of EoC
encounters was significantly lower as compared to those
who initiated care with spinal manipulative therapy [24].
Furthermore, a large cohort study conducted by Stevans
et al. [25] found that the transition from acute to chronic
LBP was substantial and early exposure to guideline nonconcordant care was significantly associated with the
transition to chronic LBP (after adjusting for patient and
clinical characteristics). The authors concluded that an
emphasis on implementing guideline concordant care
within a primary care setting was integral to reducing the
development of chronic LBP [25].
A recent survey also reported high rates of patient
satisfaction with PSC treatments received in an academic primary care setting [26]. The results of this study
are also consistent with a recent evaluation of a clinical
model characterized by a patient-centered approach and
standardized, best-practice clinical protocols, similar to
the PSC model, which demonstrated lower costs when
compared to non-standardized approaches to chiropractic care [27]; no cost comparison was made with conventional primary care, however.
The PSC model appears to be a valuable innovation
in primary care because it supports evidence-based
practice and may improve efficiency through reduced
EoC, thereby improving the quality of care while reducing costs. Similar to imbedding mental health clinicians
within a primary care clinic, the PSC model is collaborative and not just co-located, parallel care. PSC promises
to reduce the burden primary care clinicians often experience in caring for patients with back pain, theoretically
increasing patient access to primary care, and at the same
time improving the efficiency and value of spine care.
The PSC model may hypothetically be implemented in
a private practice setting, not imbedded within primary
care, given the support of payors and policy makers, and
strong collaboration between PC clinicians and specialists. However, this would require further study.
Limitations

The present findings should be taken with certain limitations in mind. Spine care outside of the academic health
center was not examined. Additionally, the available
data contained few variables pertaining to other related
patient outcomes that may influence clinical outcomes
such as general psychological state (e.g., depressive disorders, anxiety, fear avoidance or exposure to stress), which
prior studies have noted to be associated with SRDs [28].
In addition to the lack of psychological variables in the
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dataset, we also did not have clinical outcome measures such as those assessing patients’ level of disability
or patient self-reports of pain ratings, or a Global Index
of Change, which would have been useful for examining differences in these two groups of patients. Future
studies should consider including these clinical outcome
variables when examining differences in the care received
between primary spine care and primary care patients.
Although we adjusted for patient characteristics in the
regression models, the comparisons may have been confounded by unmeasured factors. Additionally, the rates
for the various primary diagnosis categories significantly
differed between the two groups, which may have influenced the regression model results. For example, visits to
a PC clinician may include several different complaints
being addressed along with a complaint for spine pain,
while spine pain is invariably the main complaint in a
visit to the PSC. The findings of this observational study
should be confirmed with a randomized control trial that
accounts for unmeasured confounders and examines
longer-term outcomes of effectiveness and costs. Due to
the way the data were extracted for these analyses—utilizing code with specific inclusion and exclusion criteria, we did not have information to how many potential
patients may have been lost to follow-up.
In this implementation of the PSC model, the majority
of PSC patients saw a primary care clinician first; thus,
the ideal scenario in which the PSC clinician acts as the
first point of contact for spine patients has yet to be realized. Changes to long-established clinical practice patterns, however beneficial to both patient and clinician,
are more likely to be evolutionary rather than revolutionary. Thus, patients with pathological pain requiring
escalation of care were probably less likely to be referred
to the PSC clinician. Nevertheless, in the clinic studies,
clinician attitudes appear to favor full implementation:
in an internal performance improvement survey, 88% of
primary care physicians reported that PSC made it easier
for them to care for patients with spine pain, and 100%
accepted the PSC clinician as the first or initial contact
for an SRD [17]. Moreover, generalizability of the present
study’s findings is limited to patients treated for an SRD
within this academic medical center and may not be generalizable to all back pain patients.

Conclusions
In our evaluation of this innovative model of spine care,
patients who were seen and treated by a PSC clinician
embedded in an academic primary care clinic experienced significantly less escalation of their spine care
within six months of their initial visit and filled significantly fewer prescriptions for opioid pain medication. The PSC model facilitates greater compliance with
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current evidence-based guidelines for the management
of spine care and may offer a more efficient approach to
the primary care of spine problems, as compared to conventional primary care.
Abbreviations
95% CI: 95 Percent confidence interval; EoC: Escalation of care; GLM: Generalized linear regression models; PC: Primary care; PCP: Primary care physician;
PSC: Primary spine care; NNT: Number needed to treat; SRD: Spine-related
disorder.

Page 8 of 9

2.
3.
4.

5.
6.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12998-022-00411-x.
Additional file 1. Appendix.
Acknowledgements
We would like to thank Gouri Chakraborti for preparing the analytic data set.
Authors’ contributions
SB participated in study design, performed the statistical analysis, composed
the tables, wrote the first draft of the manuscript, and reviewed manuscript
revisions. RR helped develop the concept of the paper, provided clinical guidance, and reviewed and edited manuscript drafts and revisions. JW developed
the concept for the paper, obtained access to the data, participated in the
study design, and reviewed manuscript revisions. JG and LK participated in the
design of the study, facilitated access to study data, served as clinical subject
matter experts, and reviewed and edited manuscript revisions. All authors
read and approved the final manuscript.
Funding
Not applicable.
Availability of data and materials
The study dataset is not available for sharing, according to the terms of a data
use agreement with a third party.

7.

8.

9.
10.

11.
12.

13.
14.

Declarations
Ethics approval and consent to participate
This study was approved by the Committee for Protection of Human Subjects,
Dartmouth College; CPHS #: STUDY00030288.

15.
16.

Consent for publication
Not applicable.
Competing interests
JW reports and NIH grant outside the published work. JG and LK practice at
the academic health center from which these data stems. There are no other
conflicts of interest to declare.
Author details
1
Southern California University of Health Sciences, Whittier, CA 90604, USA.
2
Geisel School of Medicine at Dartmouth, Hanover, NH 03755, USA.
Received: 30 July 2021 Accepted: 30 December 2021

17.
18.
19.
20.
21.

References
1. Martin BI, Turner JA, Mirza SK, Lee MJ, Comstock BA, Deyo RA. Trends in
health care expenditures, utilization, and health status among US adults
with spine problems, 1997–2006. Spine. 2009;34:2077–84.

22.
23.

Dieleman JL, Cao J, Chapin A, et al. US health care spending by payer and
health condition, 1996–2016. JAMA. 2020;323:863–84. https://doi.org/10.
1001/jama.2020.0734.
Deyo RA, Mirza SK, Turner JA, Martin BI. Overtreating chronic back pain:
time to back off? J Am Board Fam Med. 2009;22:62–8.
Chou R, Deyo R, Friedly J, et al. Nonpharmacologic therapies for low back
pain: a systematic review for an American College of Physicians Clinical
Practice Guideline. Ann Intern Med. 2017;166:493–505. https://doi.org/10.
7326/M16-2459.
Foster NE, Anema JR, Cherkin D, et al. Prevention and treatment of low
back pain: evidence, challenges, and promising directions. Lancet.
2018;391:2368–83. https://doi.org/10.1016/S0140-6736(18)30489-6.
Hudson TJ, Edlund MJ, Steffick DE, Tripathi SP, Sullivan MD. Epidemiology
of regular prescribed opioid use: results from a national, populationbased survey. J Pain Sympt Manag. 2008;36:280–8. https://doi.org/10.
1016/j.jpainsymman.2007.10.003.
Qaseem A, Wilt TJ, McLean RM, Forciea MA. Noninvasive treatments for
acute, subacute, and chronic low back pain: a clinical practice guideline
from the American College of physicians. Ann Intern Med. 2017;166:514–
30. https://doi.org/10.7326/M16-2367.
Murphy DR, Justice BD, Paskowski IC, Perle SM, Schneider MJ. The establishment of a primary spine care practitioner and its benefits to health
care reform in the United States. Chiropr Man Therap. 2011;19:17. https://
doi.org/10.1186/2045-709X-19-17.
Kazal LA Jr, Whedon JM. Academic primary care clinic adopts new paradigm for first-line treatment of low back pain. J Altern Complement Med.
2021;27:282–4. https://doi.org/10.1089/acm.2020.0447.
Russell R. The rationale for primary spine care employing biopsychosocial,
stratified and diagnosis-based care-pathways at a chiropractic college
public clinic: a literature review. Chiropr Man Therap. 2013;21:19. https://
doi.org/10.1186/2045-709X-21-19.
Goertz CM, Weeks WB, Justice B, Haldeman S. A proposal to improve
health-care value in spine care delivery: the primary spine practitioner.
Spine J. 2017;17:1570–4. https://doi.org/10.1016/j.spinee.2017.06.013.
Foster NE, Mullis R, Hill JC, et al. Effect of stratified care for low back pain
in family practice (IMPaCT Back): a prospective population-based sequential comparison. Ann Fam Med. 2014;12:102–11. https://doi.org/10.1370/
afm.625.
Murphy DR. Primary spine care services: responding to runaway
costs and disappointing outcomes in spine care. Rhode Island Med J.
2013;2014(97):47–9.
Weeks WB, Pike J, Donath J, Fiacco P, Justice BD. Conservative spine care
pathway implementation is associated with reduced health care expenditures in a controlled, before-after observational study. J Gen Intern
Med. 2019;18:019–04942.
Whedon JM, Toler AWJ, Bezdjian S, et al. Implementation of the primary
spine care model in a multi-clinician primary care setting: an observational cohort study. J Manipul Physiol Ther. 2020;31:30123–8.
Hussey PS, de Vries H, Romley J, Wang MC, Chen SS, Shekelle PG, McGlynn EA. A systematic review of health care efficiency measures. Health
Serv Res. 2009;44(3):784–805. https://doi.org/10.1111/j.1475-6773.2008.
00942.x.
Kazal L, Whedon JM. Academic primary care clinic adopts new paradigm
for first-line treatment of low back pain. J Altern Complement Med.
2021;27(3):282–4.
Murphy DR. Clinical reasoning in spine pain volume I: primary management of low back disorders using the CRISP protocols. Pawtucket: CRISP
Education and Research; 2013.
Murphy DR. Clinical reasoning in spine pain volume II: primary management of cervical disorders using the crisp protocols—case studies in
primary spine care. PawtucketI: CRISP Education and Research; 2016.
Altman DG. Confidence intervals for the number needed to treat. BMJ.
1998;317:1309–12. https://doi.org/10.1136/bmj.317.7168.1309.
Wen L, Badgett R, Cornell J. Number needed to treat: a descriptor for
weighing therapeutic options. Am J Health Syst Pharm. 2005;62:2031–6.
https://doi.org/10.1146/ajhp040558.
Brazauskas R, Logan BR. Observational studies: matching or regression?
Biol Blood Marrow Transplant. 2016;22(3):557–63. https://doi.org/10.
1016/j.bbmt.2015.12.005.
Vandenbroucke JP, von Elm E, Altman DG, Gøtzsche PC, Mulrow
CD, Pocock SJ, Poole C, Schlesselman JJ, Egger M; STROBE Initiative.

Bezdjian et al. Chiropractic & Manual Therapies

24.

25.
26.

27.

28.

(2022) 30:1

Page 9 of 9

Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE): explanation and elaboration. Int J Surg. 2014;12(12):1500–24.
https://doi.org/10.1016/j.ijsu.2014.07.014.
Whedon J, Kizhakkeveettil A, Toler A, et al. Initial choice of spinal manipulation reduces escalation of care for chronic low back pain among older
medicare beneficiaries. Spine. 2021. https://doi.org/10.1097/BRS.00000
00000004078.
Stevans JM, Delitto A, Khoja SS, et al. Risk factors associated with transition from acute to chronic low back pain in US patients seeking primary
care. JAMA Netw Open. 2021;4(2):e2037371.
Bezdjian S, Whedon J, Goehl J, Kazal L. Experiences and attitudes about
chiropractic care and prescription drug therapy among patients with
back pain: a cross-sectional survey. J Chiropr Med. 2021;20(1):1–8. https://
doi.org/10.1016/j.jcm.2021.02.003.
Whedon JM, Bezdjian S, Dennis P, Fischer V-A, Russell R. Cost comparison
of two approaches to chiropractic care for patients with acute and subacute low back pain care episodes: a cohort study. Chiropract Manual
Ther. 2020;28:68.
Rubin DI. Epidemiology and risk factors for spine pain. Neurol Clin.
2007;25:353–71.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

